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Abstract 
The IEA Greenhouse Gas R&D Programme operates the In ternation al Research Network on Monitoring, which is 
one of a range of collaborative research networks, and has been establis hed since 2004. Over the interven ing years, 
the network has brought together groups and organizations working around the world to develop monitoring tools 
and techniques , with those using the tools to conduct monitoring surveys on carbon dioxide capture and storage 
projects (CCS). The meetings have continually attracted a wide ranging body of experts from aro und the world, as 
well as those working in academia and regulators alike. This poster will share the advancements  made through the 
network, and will highlight the focus for the future of the network.  
 
The network rapidly established that there exists an extensive suite of tools to those interested in  monitoring injected 
CO2, and the range of techniques available allows the user to tailor a monitoring programme to suite specific needs 
and requirement s applicable to each individual project. The network aims to assess new technologies and mo nitoring 
techniques as they are developed, and to determine the limitations of their use, their  accuracy and the most suitable 
situations in which they should be deployed. The ultimate aim of th e network is the development of a 
comprehensive set of guidance documents to be used for new injection projects, to assist in the selection of best 
suited monitoring techniques and tools from the wide selection ava ilable.  
 
The subsequent meetings have themselves had specific aims, from engaging regulatory bodies and  agencies, to 
providing updates on new monitoring tool developments. More recently, the network has aimed to provide an 
integrated set of guidelines for monitoring and verification for wide scale deployment of CCS technologies.  
The network has achieved much over its life, most notably the development of the Monitoring Selection Tool, 
allowing users to input relevant data for an int ended storage location, and the database of monitoring techniques 
then provides a comprehens ive suite of monitoring methods tailored to the specified site. The second notable 
development is the inclusion of regulatory bodies in the meetings, which has helped to foster better understanding  
and cooperation. The technical experts and regulatory representatives have worked together to develop realistic yet 
thorough procedural guidelines for monitoring and verification of injected gasses. 
 
The future direction of the network is towards the development of extensive guidelines for each sub-category of 
geological storage; oil and gas fields, unminable coal seams, and saline aquifers,  with specific regard to the different 
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conditions and reservoir properties encountered around the globe. Also, the network intends to maintain the 
continued development of the Monitoring Selection Tool, with discussions focussing on new monitoring results 
from projects enabling enhancement o f the tool, and also to assess and integrate new techniques and methodolo gies 
as they progress through developmental stages into mature monitoring techniques.  
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1. Introduction 
The Monitoring Research Network is one of several international networks operated by the IEA Greenhouse Gas 
R&D Programme (IEA GHG). The first meeting of the network was held in California in November 2004. It was 
organised by the IEA GHG and BP, with support from EPRI and the US DOE/NETL. Following the success of this 
gathering, further meetings have been held on an annual basis in Rome (2005), Melbourne (2006) and Edmonton 
(2007).  
 
The effective and reliable monitoring of CO2 stored in geological formations is a fundamental requirement for the 
successful implementation of CO 2 Capture and Storage (CCS) projects. The Monitoring Research Network was 
established to bring together the various groups who are involved in both the development and the deployme nt of 
monitoring technologies in pilot and industrial scale CCS projects. The meetings attract international experts from 
industry, academia, and government organisations, and generate insightful debate, while facilitating the sharing of 
best practices and  new technologies between members.  
2. Aims & Objectives  
The overall aims of the network are to facilitate the exchange of ideas and experiences between experts in the 
monitoring of CO 2 storage projects, and to promote the improved design and implementation of monitoring 
programmes that will support CCS projects.  
 
Specific aims and objectives of the network have evolved during successive meetings, but can be summarised as 
follows: 
 
• To assess new technologies and techniques as they become available;  
• Determine t he limitations, accuracy and applicability of monitoring techniques; 
• Disseminate information from research and pilot storage projects around the world;  
• Develop extensive monitoring guidelines for the different sub -categories of geological storage; oil and gas 
fields, unminable coal seams, and saline aquifers, covering the differing conditions and reservoir properties 
encountered globally 
• Engage with relevant regulatory bodies 
 
At the meeting in Edmonton in late 2007, there was detailed discussion about regulatory issues and also 
dissemination of information resulting from a number of pilot projects.  
 
3. Wide Range of Monitoring Tools and Technologies  
 
As the first Network meeting determined that the largest single asset available to operators of CCS projects  was the 
large monitoring ‘tool box’, discussion swiftly moved to technology development and the combination and 
integration of complementary techniques into monitoring programmes.  
 
The coupling of 3D and 2D seismic surveys is an example. Seismic surveying technology has proven to be a very 
effective tool for the monitoring and verification of underground gas storage, as is required for CCS. The negative 
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aspect of 3D seismic surveying is the expense associated with repeat surveys. However, it has been demo nstrated  
that after an initial 3D seismic survey, repeat surveys can be performed as a series of 2D seismic surveys. These 
provide valuable information on the evolution of the subsurface plume, while minimising costs as 2D surveying 
techniques are considerably cheaper than comparable 3D surveys.  
 
Overall, the Network has helped build confidence that the costs entailed in monitoring programmes for geological 
storage projects need not be prohibitive. They should form a minor part of the total costs of a CCS p roject.  
 
4. Monitoring Selection Tool  
 
The Network meetings identified a large ‘tool box’ of monitoring techniques. As a result, a database is needed for 
analysis of the tools available, and to identify the situations for which they are best suited. The IE A GHG has 
contracted the British Geological Society (BGS) to design and maintain a web based selection tool to create 
monitoring programmes for any given scenario. The finished product, known as the Monitoring Selection Tool is 
available on the IEA GHG website (www.co2captureandstorag e.info). Users may select parameters applicable to a 
storage project, including type of storage project, duration, depth, quantity of injected gas and even the surrounding 
topography. The Tool returns a list of techniques most suited to the operation, with ranked match values for each 
monitoring method. The Tool is updated as new technologies are developed and reviewed by the network.  
 
5. Monitoring Guidelines 
 
As well as industry and academia, we have also had government representation at the network meetings. This has 
helped to foster a co -operative approach to the development of regulatory requirements for monitoring. Technical 
experts and regulators have worked together to lay out realistic, yet thorough, procedural guideline s for 
comprehensive monitoring and verification of injected gases, both deep underground and in the shallow subsurface 
environments.  
 
The monitoring element of CCS activities has the potential to have a profound impact on the widespread 
implementation of CCS worldwide. Monitoring can provide the basis of demonstrable security of storage, and it can 
also play a major role in the education of local populations and the general public.  
 
6. Knowledge Expansion and Confidence Building 
 
Successful implementation of CCS schemes requires a thorough understanding of geological storage formations and 
the adjacent strata. Monitoring is a key requirement for confidence building amongst stakeholders, allowing 
demonstration of site suitability for storage and providing re assurance of safe operation through leakage detection.  
 
Such confidence building will prove vital in taking CCS technologies from cutting -edge, pilot-scale projects and 
ventures, to the wide-scale implementation and commercialis ation necessary to achieve significant cuts in CO2 
emissions to the atmosphere. Education of local populations and the wider public is vital for the acceptance of CCS 
schemes. Accountable monitoring is essential to demonstrate secure, long-term storage with minimal associated 
effects on local and regional ecosystems and populations. 
 
Monitoring programmes are required to cover all phases of a project. Pre-injection monitoring techniques must 
establish the suitability of the storage site and determine baseline conditions prior to injection. Operational 
monitoring is used to determine plume evolution, calibrate predictive models and to act as an early warning 
mechanism for leakage from the storage formation. Post -injection monitoring is required to demonstrate successful 
and secure CO 2 storage, which supports the commercial objective of allowing the surrender of permits and licences.  
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7. Joint Network Meeting  
 
During the review of the Monitoring networks previous work and achievements, it was noted that good progress had 
been made by the network, but three main areas remained that require further work; the definition of monitoring, 
storage security with and without quantification, and screening technologies by regulatory regime.  
 
The definition of monitoring needs to: deconstruct monitoring into its specific purposes, identify the target audience 
and compare the IPCC guidelines with actual case studies.  
 
The requirements of quantification are for the network to define what level of sensitivity is required, and the level of 
certainty associ ated with this, the degree of integration that is required, and the possible need for secondary 
processes. The monitoring community can learn from the experiences of the oil and gas industry in regard to 
quantification, and the experiences show that the heterogeneities associated with geological formations may mean 
that full quantification is an unrealistic target. This experience leads to what is possibly the toughest question that 
the monitoring network wants to answer, and that is whether it is possible to attain storage security, without full 
quantification.  
 
The third highlighted area of screening technologies by the regulatory regime will look at the monitoring 
requirements; emissions accounting, storage security or a combination of the two. The network must then look at the 
regulatory requirements affecting the monitoring requirements, which technologies can meet these requirements, 
and what degree of accuracy will be required.  
 
The group also identified a broad outline of topics to discuss and address  at the next meeting in 2009, and looked at 
the way the meetings have operated. The consensus of the group was that the meetings run to a suitable format, with 
relevant content and the correct level of technical description. The meetings are of a suitable size, which assists in 
the facilitation of open discussion. As with the wellbore integrity network, it was thought that the open discussion 
section of the meetings gave rise to the most interesting points and concepts, and this should be encouraged to 
continue.  It was suggested that the future meetings look to develop the open discussion sessions, and publish more 
details of the topics to be addressed in these discussions in advance to allow delegates to prepare and fully 
investigate the context of the top ics before the meeting commenced.  
 
It was noted that there may be groups of potential delegates who do not attend the meetings who would still be 
interested in the proceedings of the meetings, and avenues of supplying this information should be investigat ed.  
 
The group discussed specific topics to cover at the following meetings, and chief among these were:  
 
• Monitoring for fault activation and pore pressure,  
• Monitoring CO2 movement through a fault,  
• Monitoring for dissolved CO2 in situ,  
• How to plan a monitoring programme,  
• Innovative emerging monitoring technologies,  
• Incorporating modelling into monitoring.  
 
It was determined that these points should form the basis of the agenda at the next meeting. The group then 
determined to design a broad plan for the next 3 years of its operation, and it was thought that the biggest 
development in that period would be the increase in learning and knowledge from practical operations and projects. 
It is expected that the number of on -line projects will grow substantially over the next three years, and subsequently, 
the knowledge base and experience available to the monitoring community will grow correspondingly. This network 
should ensure it captures the learning  from these real projects. There will also be a correlating gr owth in 
understanding of what regulators are likely to want from a monitoring programme, and there is also likely to be an 
emergence of new monitoring tools and techniques from this growth of practical R&D projects.  
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8. Conclusions  
 
Monitoring is an essen tial component to build public and regulatory confidence in CCS schemes. The IEA GHG 
network provides a unique forum for experts from around the world to share knowledge and work towards the 
improvement of monitoring tool selection and application. The net work has made considerable progress since 
inception, including the development of the online selection tool.  
The most recent meeting concluded that although there is a great deal of beneficial work occuring, there are 
contentious issues that require atten tion in the future, the greatest of which is when responsibility for monitoring and 
ownership of the site should be transferred to the national authority.  
Other issues for future consideration include:  
 
• Developing confidence in accurate quantification of injected CO2, 
• Actions necessary if monitored parameters fall outside of predicted and modelled scenarios, 
• Can current monitoring techniques provide the information required by different stakeholders.  
 
9. Focus for the Future  
 
In the future, the Monitoring Network will aim to enhance the knowledge, experience and confidence that already 
exist within the CCS community. It will contribute to bringing state of the art monitoring technologies to the point 
where public confidence in CCS supports its widespread i mplementation around the globe. This action would enable 
major reductions in anthropogenic CO2 emissions to the atmosphere.  
 
Further areas of work for the network to address include:  
 
• Discussion of results from practical research projects as they become av ailable: which aspects of 
monitoring programmes work well together?  
• Integration of new techniques into the framework of the IEA GHG Monitoring Selection Tool;  
• Assess the potential use of monitoring for the accurate quantification of injected CO2; 
• Focus on seismic surveys: applicability, maximisation of information derived and integration with other 
monitoring techniques;  
• Adequacy of existing monitoring programmes and relevance to different stakeholders; and 
• Duration of post -monitoring injection.  
 
It has been suggested that small field tests are performed where a leak is created to determine the actual effects, 
range and extent of a real leak. If this test takes place, it will provide an excellent opportunity to try many different 
monitoring techniques and to ascertain their use in leak detection and monitoring. This information could then be 
fed back into the Monitoring Selection Tool to make the monitoring schedule even more comprehensive.  
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